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SUMMARY

————Yhe development of an analytical method for the analysis of T-2,
HT-2 and T-2-tetraol in blood and urine was initiated. The objective is
to use multiple reaction monitoring {(MRM) facility of the VG 7070EQ T
tandem mass spectrometer. The advantage of the latter is that the noise :
from the biological matrix is kept at a minimum and as a result the
sensitivity is increased. Essentially, the magnet is parked on _the
parent ion and only this fragment is allowed to pass through the first
mass spectrometer. After the selected fragment passes into the
quadrupole #1, it is decomposed into fragments by collision activated
(in argon plasma and 20 30 volts) decomposition. The daughter ions are
detected by quadrupole #2. Using this method, T-2 and HT-2 can be
detected at one part per billion. Keqworda: TR2 Toxim, HTL Toxin @—

In the development of the MRM method of analysics for T-2-TFA, we ,
discovered an interfering parent fragment of 478 that had a retention §
time close to that of T-2. The substance did not present a problem
because its daughters were different from that of T-2-TFA. This also
illustrates that although the parents of a substance are the same, the
daughters are not. ’

The fragmentation map of the TFA derivatives of T-2, HT-2 and 1-
2-tetraol as well as their daughter ion sepctra have been obtained.

e S p R R

An isomer of HT-2 (C-4 acetate) was discovered in a Fusarium
culture using the daughter ions of HT-2 as a probe. Its structure was
determined using parent-daughter mass spectra. The detection of the
isomer in the Fusarium culture, composed of a vast mixture of
compounds, illustrates the utility of the daughter fon library as a .
practical analytical probe. :

The daughter 1{on. fragments for T-2, HT-2-and T-2-tetraol were
determined using respectively parents m/z+ 478, 532, and 568. T-2-
tetraol can also be detected by using the parent 330 which yields the
daughter 216.

This report also lists all the Fusarium species isolated from
Norway and New Zealand and the toxins they produce. Those from Norway
almost exclusively produce the hemorrhagic toxin called H-1. This toxin §
was also found in New Zealand on the South Island. ]
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FOREWORD

Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or
approval of the products or services of these organizations.
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MULTIPLE REACTION MONITORING (MRM) WITH T-2 TOXIN, HT-2 TOXIN
AND T-2-TETRAQL

In Quarterly Report number VI, we reported on the analysis of T-2

toxin in a blood matrix using the MRM procedure with the VG7070EQ
instrument. We were able to obtain what should be the maximum in -
selectivity and sensitivity of the scanning portions of the A
instrument. MRM is a tandum mass spectral scanning technique that !
forces the electro static analyzer and analyzers of the magnet

and quadrupole to focus on specific reactions (parents to
daughter ions) and thereby increase sensitivity and selectivity.

Wa report here the expansion of this technique to to include HT-2

toxin and T-2-tetraol.

Sulectivity of MRM relies on specific parent and daughter ion
relationships. Parent ions of a certain molecule will pruduce ‘
unique unambiguous daughter ions of precise abundance using a i
specified set of reaction conditions. The daughter and parent ;
ions taken together make up what is known as a fragmentation map.

The latter is a pathway cf deccmposition of the ionized molecule

and suggests the structure of the molecule . They are also
valuable analytically. The majority of the total ion current will g
reside within only a few of the fragments usually found in the 2
low mass ragion. Normally the low mass region would have many
interfering substances from tha biological matrix but in the case
of MRM, this fault is eliminated. The ' reason for this is that
onlv a single parent is allowed through the analyzer and on to
the collision chamber where the daughter ions are formed. Thus
the MRM procedure is well suited to take full advantage of high
abundanca ions as well as highly spscific roeactions.

ANALYSIS OF HT=-2 TOXIN: The fragmentation map and daughter ion
spectra of HT-2-(TFA) is presented in figures 1-5. Most of the
abundance cof the ion current is locyted in fragments 121, 138 and
180. These ions are daughters of parent 532. They ara presumed to
have the same structure as the same daughters found in T-2-TFA
but derived from parent ion 478. Both parent ions ( 532 for HT-2
and 478 for T-2) are formed from a loss of 84 mass unitas from the
molecular ion. Since these are high abundance ions and are
formed from a significant precursor of the molecules intact
skeleton, they are an excellent choice for MRM analysis. Figure 6
shows the results of analysis of HT=-2 from urine using daughters
180, 138 and 121. Note the prominant ions and lack of noise from
the biolcgical matrix.

DETECTION OF AN ISOMER OF HT=-2 TOXIN(TFA) USING THE DAUGHTERS
180, 138 AND 121: The fragments of an isomer of HT-2 TFA is shown
in figure 14 and 15. The isomerism resides around C-4 carbon and
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was detected as shown in the caption of figure 14. The diagnostic
ion for the C-4 isomer cf HT=-2 toxin is m/z+227. Figure 16 shows
the positive chemical ionization mass spectrum of iso-HT-2 . The
base peak of the most abundant HT-2 isomer (C-15 acetate) is 455.
However, the base peak of the iso-HT-2 is 401 just as found in
T-2 toxin (figure 19). The fragment 401 is formed by loss of the
isovaleroxy group (101) to yield 515 followed by a loss of the
C-15 TFA group (114) to yield 401. ‘

ANALYSIS OF T-2-TETRAOL: The daughter ion fragmentation map of
T-2~-tetraol (figure 7) is different from that described for T-2
and HT-2 toxins. They differ in ion abundance as well as the
structure of the primary and secondary fragments. The two most
significant reactions are the parent ion 569 going to daughter
455 and parent 330 going to 216. The latter are abundant ,
reproducable , give the minimum of background signal and are easy
to monitor. The MRM analysis of T-2-tetraol extracted from urine
is shown in fiqure 13. The parent ion 330 yields a very
prominant daughter in 215. On the other hand, parent 568 yields
a very poor daughter at 454. The parent of choice is m/z+569.

CONDITIONS USED IN MRM ANALYSIS: The MRM analyses were done using
two reaction groups. The first one covered the retention time of
T-2-tetraol and the second ccvered T-2 and HT-2. The dwell time
was 100 milliseconds, with an analyzer switch time of 20
milliseconds. The mass spectrometer tuning and calibration
procedures were as described by the manufacturer i.e. calibrate
the front end first followed by the quad. The electron voltage
was 70, collision cell voltage wasl4-16 volts, the collision cell
argon pressure was 10-6 torr.

The derivatives used were trifluoroacetate made from trifluoro-
acetic acid anhydride. The capillary column was a DB-5 (J&W
Scientific) 0.25 mm id. The column temperature and program was 80
to 300 degreees C. at 25 degrees per minute.

The urine was spiked with an equivalent to give 50 parts per
billion. Samples were extracted according to procedures reported
in earlier reports using BONDELUTE columns.

STRUCTURE ELUCIDATION OF THE C-4 ACETATE ISOMER OF HT-2 TOXIN:

The C-4 isomer is called iso-HT-2 analagous to isoT-2 toxin.It is
3,15-dihydroxy-4-acetoxy-8-[3-methyl-butyloxy]-12,1l3-epoxy-tri-

chothecec~9-ene. The structure was determined by deduction using
the mass spectrum and daughter ions fcrmed. The isomer was found
in a culture of a Fusarium isolate grown on rice in the
laboratory. The primary mass spectra of the TFA derivative in
both electron impact and chemical ionization was confirmed as

2
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being 616 (figure 16). The mass spectra were similar but not
identical to the C-15 isomer of KT-2 and the C-4 isomer of T-2
toxin. The daughter ion spectra are helpful in identifying the
isomer because of the sequence of loss of the isovaleroxy group
at C-8 (loss of 101) followed by the loss of the C~15 acetate as
in the C-15 isomer (loss of 60) or loss of 114 amu in the case of
the C-4 isomer. Thus the C-4 iscmer should yleld a either m/e+
515 or 532 followed by either 401 or 413 and finnaly resulting in
m/z+ 227. Iso-T-2 toxin, in contradistinctioa, will yield an m/z+
287.

The C-15 acetate isomer of HT-2 ¢toxin should yield a m/z+455
because of the loss of an acetate (t80amu) from m/z+ 515. The
latter is formed after loss of 101 anu from the isovalercxy group
on C-8 (figure 19). The C-4 acetata isomer will lose 114 amu
units from the TFA formed at C-15 and yield m/2+401 as in T-2
toxin.

-
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FIGURE 1. Mass spectrum of T-2 TFA derivative. The M+ is 616 and the
origin of daughters is as shown in the fragmentation scheme. Thus
m/z+ 616 gives rise directly to 532 which in turn is the parent of
m/z+ fragments 180, 138 and 121. These are the same daughters as
those found in the parent fragment m/z+ 478 of T-2-TFA. The latter
daughter fragments are very intense and ars the choice for both
quantitative and qualitative determination of HT-2~TFA. This is an
example where two closely related derivatives have the same
daughters but different parents i.e. 532 in HT-2 and 478 in T-2.
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FIGURY 2. Daughter ion mass spsctrum of HT-2-TFA using thec M+ 616 as
the paxrent fragment. Note that m/z+ 180, 138 and 121 are present in
the spectrum but vary in intensity from that of the full scan E.I.
mass speccrua shown in figure 1. Daughters 556, 423, 333, 264 and
220 are not found in the full scan mdss spectrum indicating that
different reactions are occurring under =.I. conditions. Note th. .
m/2+ 455, a classic indicator of HT-2 and its derivatives is not
found as a daughter of 616.
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FIGURE 3. Daughter ion mass spectrum of parent m/z+ 532 of HT-2-TFA
using argon as the collidion plasma. Daughters 121, 138 and 180 are
the products of collision activated decomposition of 532. The latter
are very intense and stable , hence useful in MRM experiments.
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FIGURE 4. Daughter ion mass spectrum of HT-2-TFA using m/z+ 514 as
tha parent. Note that fragment 454 occurs as the daughter which is
analagous to m/z+ 455 of the full scan E.I. spectrum. It is presumed
that 455 can be formed just as well as 454 but it depends on which
reaction species the hydrogen follows .
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FIGURE 5. Daughter ion mass spectrum of parent 455 of HT-2-TFA.
Note that m/z+435 is a stable spacies with little activity in terms
of daughter fragments. This suggests that this fragment has an
unsaturated ring structure which normally confers stability i.e. )
double bonds in the ring are stable. :
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FIGURE €. Analysis of HT-2-TFA toxin extricted from urine, spiked at
S0 ppb, using multiple reaction monitoring. Parent fragment 532 was
allowed to pass through the magnet portion of the MS after which it
was bombarded with elsctrons in the presence of argon in the first
quad region and scanned for daughters in the second quad region.

Boxes B thru D represent the total ion current of m/z+ fragments %

180, 138, and 121 respectively. f
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FIGURE 8. Daughter ion mass spectrum of fragment 682 (M+) of the TFA
derivative of T-2-tetracl. The most important daughter fragment ion
is m/z+ 568 which is the base peak of the E.I. spectrum
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FIGURE 9.
m/2+455 and J28.

Daughter ion mass spectrum of m/z+569 nging rise to
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PIGURE 10. Daughter ion mass spectrum of parent fragment 568 and the
resulting daughter fragments. Note that m/z+435 (daughter of 569)
is not present in this spectrum.
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FIGURE 11. Daughter ion mass spectrum of the TFA derivative of T-2-
tetraol using m/z+ 455 as the parant. Although there are a number of
low intensity daughters, none are of interest in the use of MRM.
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FIGURE 12. Daughter ion mass spectrum of the TFA derivative of T-2-
tetraol parent fragment 330. The resulting daughter is 216 which is
an important and ussful fragment for MRM. We recommend its use for
MRM of T-2-tetraol.
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FIGURE 13). Analysis of human urine =zpiked with T-2-%etraocl (TFA) at
SOppb and analyzed by MRM using both 454 and 130 as rarent ions. Box
A shovs the total ion current obtained vwvhen m/2+ %562 is used as the
parent. Note the noisy base 1line which precludes the use of this
fragment. Cn the othsr hand, box B shows the results of 330 as the
parent and 216 as the daughter. Nots the excsllent tase line with a
signal to noise ratio of adout 100/1 which suqggests hat the uss of
of 368 as a parent in a biological matrix will give us sensitivity
down to 2ppb.
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FIGURE 14. [Pragments of the TFA derivative of tha C-4 iscmer
(acetates at C-4 instexd of C-15) of HT-2 toxin, All of ¢the abova
{ragwents and structures hava beon varified by daughter icn mags
spectromatry. TF¥A-HT-2 toxin will yield a m/x+4227 derivsd from 616
minus ths 1sovaleroxy group to yield =m/3+ 515 followed by loszs of
the TFA from C-1% yialding 401 and then a lcss ¢of 60 anmu froa ths
C-4 acstata to yield 341 and finally 1i4 amu fros the logs of the
C-3 TFA to give 227, The C~15 isomer will also yisld m/z+ 227 but
from snother parent icn. Pinally, the C-) iscmsr will yield m/z+ 287
by loss of the C~¥ group followsd by loss of 114 amu ¢ach from C-18%
and C-4 respactively. Fragsenst 227 and 287 are useful in detacting
isomars of T-2, UAT-2, TC-1 and TC-2.
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FIGURE 1S. Continuation of the breakdown scheme of NT-2 as shown in
tigure 14. Note that fragemnts 121, 138 sand 180 are unsaturated
rings and hence stabls in the mass spectromster. They ars turther

degraded to a/s+ 166 and 131.
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FIGURE 16. Positive chemical icnization maas spectrum of 1s6-HT-2
toxih (zcetats in the C-4 position). Nots that tha bass puak is m/z+
401 instead of the traditicnal =/3+435. This is dus to the
frageentation of tha M+ at 61§ which losas the C-8 isovaleroxy to
creats 515 and then the C=13 TFL (-114) to form m/3+4401. The lattar
wise is charactarisitic of TPA«I-=2 toxia in I,
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FIGURE 17. Caughter ion mass spectrum of the TFrA derivative of XT-2
toxin (C~4 iscmer) using =/3+532 &s the parent. This is cospared
with the daughters of n/3+332 from Tra-T-1 toxin. Hote the
differsrce in daughtars dus mainly to the subatitution of the TTA
group on carboas 1S, 4 snd 3. The C-13 isomer loses 84 amu to form
$32 and then 2%8 amu (ths A ring and ©he epoxide plus C-3 and C-4)
to fors the unsaturated B ring at a/s+ 234. Sea Cigure 18
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daughter icn method is excellent for differentiating this group.
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IMPLEMENTATION OF T-2 TOXIN ANALYSIS USING MULTIPLE REACTION
MONITORING.

The objectiva of this study is to develop a fool-proof method of
analysis of human blocd and urina sanmples for tracses of T-2 toxin ,
HT-2 toxin and T-2-tetraol using =multiple mass spactrometry. The
reason for this studv is to have on record a mathod to deal with
chemical warfara agents such as the trichothecunes so that an
unequivocal answer can be given as to their presenca in biological
sanples. .

our critaria are to achieve: 1. ultimate sensitivity (lppk) and
2. uncompromised detection by the elimination of biolegical matrix
effacts. wWwae hepe to the surpass tha results cbtained by uze of ths
Townsend Oxygen Discharge Electrodas.

To date we have had good rasults down to Sppb using a singls
daughter ion as the parent for detecticn of tha charactaristic
fragments. We are studying the daughters in order to determine which
of the many daughters lend themsalves for good quantitation. A more
complete report will be forthcoming in the next quarterly report.

STRUCTURE IDENTITY OF H-1 TOXIN

The mass spectra in both E.I. and C.I. are shown in figures 1
and 2. The nmolecular ion in EI is 428 and this is confirmed by the
molecular ion (428 plus 1) obtained in positive CI (methane). This
was also ¢the molecular ion obtained in analysis by Fast Atem
Bombardment. Both the EI and CI spectra are rich in large fragment
ions in the high zmaas region of the spectrum. Thus, m/2+ 428, 385,
368, 354, 323 and 296 ares very intense and informative ions useful in
both interpretation of structure and in quantitation.

The ultraviolst absorbtion spectrum shows 210 and 250
millimicrons as absorption maxima. The UV spectrua does not appear to
be too useful.

The infrared spectrum has intenze peaks which will prove teo be
useful in interpretation of the structure after more detailed
information i3 available from NMR analyses. Notable are the
absorbtion maxima at 1750, 1650, 1200 reciprocal cu.

Combustion analysis revealed a ratio of carbon, hydrcgen and
oxygen of 64, 6§ and 25% respectively.

Analysis by high resclution mass spectrometry suggest an
erperical formula of C23 24 08.

Structure analysis is being done by NMR. Llarge sample size

preparations are being made in order to facilitate structure
identification.
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QUANTITATIVE MICROANALYSES

P. O. SOX 4137 ORGANIC - INORGANIC PMONE S46-1333
2323 SYCAMORE Die, KNCXVILLE, TENNESSIE 37281 AREA CODK 813

Mr. Harmed K. Aboas August 25, 1986

University of Mimnescta

Plant Pathology / 495 Borlaug

1991 Buford Circle

St. Paul, Minnesota 55108 Received: August 18th

Cear Mr. Abbas:

Analysis of your campound gave the following results:

Your #, our 4, $C, $H, SN, % O,

B-1 P-9950 63.80 6.25 0.11 25.19

The molecular weicht results will follow later,
This is confirming cur telechone call of August 25, 1986.

Sincer=ly yours,
GALERAITY L v , D¥C.

Bec. Vice-President

GRH:pd
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Pathogenic Studies of H-1 Toxin on Rats

We conducted acute trials with recrystallized H-1 toxin and a
subacute trial with H-1 contaminated feed on rats. Acute trials with
ethylacetate extracts of contaminated feed were performed on mice and
guinea pigs as wali.

Irial I: Gavage of Rats with Purified H-2 Toxin.

As . pilot trial for studies with purified toxin, groups of 2
three week, female Sprague Dawley rats were gavagzd with a single duse
of 50, 25 or 4 mg/kg body weight recrystallized toxin in 0.5 ml 40%
entanol. Both animals in the 50 mg and 25 mg groups diad within 24
hours, as did one of the animals at the 4 mg level. The other animal in
the 4 mg group remained clinically normal and was euthanized at 24
hours. Gross lesions includad severe hemorrhage of the mucosa of tne
glandular stomach in one animal of the 50 mg and 4 mg groups. severe
-cardiac hemorrhage in the rat of the 4 mg group and hyperemia o the
duodenum in one rat of the 25 mg group and the rat of the 4 mg group.
Yistologic evaluation is still in progress, but preliminary results
show that purified toxin causes similar lesions to those produced by
crude toxin.
arial II: Gavage of Rats with a Low Dose of Purified Toxin

In an at.empt to determine an effective dosage for a future acute
study, 9 rats were gavaged with 4 ma/kg recrystallized toxin. Five of 9
died within 24 hours; the remaining animals remained clinically normal
and were euthanized at 24 hours. There were no gross lesions.
irial JII: Subacute Feeding Trial in Rats

In order to assess the effect of low level exposure to H-1 toxin,

eleven 3 week old, female rats were fed a mixture of 10% contaminated
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rice (4 ppm toxin) and 904 complete feed. Food and water intake and
body weights were recorded at 48 hour intervals. Packed cell volumes,
total serum protein levels, total and differential leukocyte counts
were performed on 2 different animals at 48 hour intervals. Bone marrow
smears, serum chemistry panels and necropsies were performed at 21
days. Ten controls were fed complete rat diet, ag libitum, for 15 days

and 10 controls were fed approximately the same amount of food as was

W T TR

ingested by the treated amwmals. The trial was ended at 21 days,
because several animals died at 20 days.

A11 treated animals became depressed and diarrheic, but all
controls remained clinically healthy. Weight gain and feed conversion
data are presented in Table 1. Complete results of serum chemistry,
hematology, bone marrow evaluation and histologic examination are still
pending, but the treated animals developed greatly elevated blood

leukocyte levels.

Isble VI: Administration of Crude Extracts to Mice and Guinea Pigs
As a pilot trial to evaluate the comparative toxicity of H-1,

ethylacetate extracts of contaminated rice were administered by gavage

¥ to 180 g female guinea pigs and by intraperitoneal injection to 3 week,
' female mice. Groups of 2 guinea pigs were given a single dose of
extracts of 10, 20 or 50 g of contaminated rice (44 ppm toxin) in 1-2
ml 20% ethanol. One animal of the 50 g group died within 24 hours with
Torally extensive gastric hemorrhage. The other animals were euthanized
at 24 hours and did not develop clinical or morpholagic abnormalities.
Histologic examination is pending.

Groups of 3 three week, female mice were dosed with extracts of

0.63 and 1.25 g of contaminated rice. Two of the animals of the 1.25 g
20
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group died within 24 hours, with one showing myocardial hemorrhage and
both showing hyperemia of the duodenum. No clinical or gross
abnormalities were found in the other mice; histologic examination is
sti11 pending.

Compents

These preliminary results indicate that acute administration of
purified H-1 toxin results in similar clinico-pathologic effects to
those produced by crude toxin. The lack of availability of purified
toxin has hampered this portion of the study to some degree, but
current production should resolve this problem.

Preliminary resuits also indicate that H-1 toxin produces lesions
in mice and guinea pigs which are similar to those in rats. It also
appears that guinea pigs are more resistant tc orally administered
toxin than rats.

The subacute feeding trial showed high toxicity at a ilevei of
approximately 4 ppm. Several animals died on day 20 and the others were
very sick when euthanized. We have no explanation for the 2levated
blood leukocyte counts, but they may be a sequella to the lymphocidal
effect noted with the pure toxin.

Our immediate plans are to complete the described studies and to
perform more acute studies with purified material. In addition, the low
level feeding trial will be repeated and the effects on the humoral
response to foreign antigen (sheep red cells) and the in vyitro

lymphocytic response to mitogens will be assessed.
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TABLE 1. LC30 VALUES OF THE HEMORRHEAGCIC FACTOR NAMED H-) WHEN
LADMINISTERED TO RATS , MICE AND GUINEA PIGS.

SPECIES PURITY OF AGE  METIOD OF 1L50 TOXIC SIGHS
H=1 DAYS ADMINISTRATION  MG/KS

RAT crystals 20 ORAL - 4 HI,HS,HT,HH,D

RAT extract 20 ORAL 3 HS,HI,HS,RT,HH,D

MOUSE extract 20 I.P. 4 HI,BH,D

GUINEA PIG extract 20 ORAL 12 HS8,D

All anizals vers purchased from BIC-LAS Corp. St. Paul, MN. Each
wvas intubitsd or injscted with toxin based on the gram equivaleats
of H-1 found in tha toxic culturs. Control animals racsived the samas
volure of 1C, 20 or 40% aguecus stharol as given to the exparimsntal

aninmals.
TOXICITY LEIGEND:
HI= intastinal heamorrhage.

HS= hemorrhaga in the stomach.
HT= heasrrhage in tha thymus.

HE= hamorrhage in the heart.
D= death.




Table 2. Weight gain and feed consumption of rats given a chronic

exposure to H-1 toxin in their diet.*

Treated Controls Pair-fed Controls
Day 15 Day 21 Day 15 Day 21 Day 15 Day 21
Average
Wt Gain -18.4 -14.0 57.8 -- 56.0 67.4
(9)
Wt Gain/ -0.2 -- 0.5 -- 0.5 -

Feed Consumption

*Rats were given a diet containing 90% nutritionally balanced feed and

10% Fusarium culture contcining 4 ppm H-1.




MASS SPECTRAL LIBRARY OF TRICHOTHECENES AND OTHER MYCOTOXINS PRODUCED
BY FUSARIUM

I. One of the cbjectives of this contract is to construct a mass
spectral library of trichothecenes so that it could be used in the
identification of this group of toxins and also facilitate the study
of metabolism of T-2 and other members of this group. A 1library
consisting of approximately 250 mass spectra of trichothecenes was
constructed on the Hewlett Packard 5587 Re2l Tima Executer System and
delivered to USAMRIID a few years ago. The latter was developed on
the Hewlett Packard Quadrupole Mass Spectrometer. It is our intention
to transfer these spectra to the VG 7070 system which appears to be a
more versatile and efficient system. Moreover, we e¢re also developing
a library of the daughter fragments of the trichothecenes on the VG
7070 EQ. The latter is designed to give unequivocal identification
of the trichothecenes. We are including a new dimension in this
library in so far that it will contain other potent toxins produced
by species of Fusarium, i.e. other than the trichothecenes.

IN SUMMARY WE ARE DEVELOPING:
MASS SPECTRAL LIBRARY OF FULL SPECTRA (VG SYSTEM)
.MASS SPECTRAL LIBRARY OF DAUGHTER IONS (VG SYSTEM)

A. MASS SPECTRAL LIBRARY OF TRICHOTHECENES (FULL SPECTRA)

An example of our current effort in constructing this library
is enclosed. Of more importance, we are showirg its uility in
identification of a toxic substance produced by Fusarium and present
in a biclogical matrix. An xample of a search follows.

This library is called FUSTOX and presently contains the
following spectra:
T-2 toxin
3-hydroxy-4,15,-diacetoxy-8-(3-methyl-butyryloxy]-12,13-epoxy-
trichothec-9~ene (1FA)
T2-tatraol (3,4,15-tetrahydroxy-12,13-epoxytrichothec-9-ene(TFA)
HT-2 toxin (3,4-dihydroxy-15-acetoxy=-8-{3-methyl-butyryloxy]-12,
l3-epoxytrichothec-9-ene (TFA).
Triacetoxyscirpene
8!'=hydroxy-zearalenocns (alpha isomer)
8 '-hydroxy-zearalencne (beta iscamer)
zearalenone (trans)
3t~hydroxy~-zearalenone (F=5-2)
H-1 hemorrhagic factor produced by Fusarium (in the process of
chemical characterization.
Fusarochromanone (TDP-1) underivatized (causes bone deformation)
Fusarochromanocne (TMS ether)
TDP-2 TMS ether. Monocacetyl derivative of fusarochromanone
TDP-2 underivatized
TDP-3 unknown derivative of fusarochromanone(TDP-1)




TDP-4 (Unidentified toxic derivative of Fusarechromanone)
Monoacetyl derivative of Fusarochromanone(synthetic product)

B. USE OF FUSTOX LIBRARY FOR IDENTIFICATION(LIBRARY SEARCH-VG SYSTEM)

An isolate of Fusarium equiseti which originated in Germany was
cultured on rice with the intention of determining the presence of
Fusarochromancne (Fusarium metabolite that causes tibial dyschondro-
plasia). A crude extract was obtained and resolved by capillary
chromatography on the GC/MS VG-7070EQ. Figure 1 shows the resolution
of the TMS derivatives on DB=-5 capillary column. Xultiple components
were found (at least 5) that belonged to this chemical group. Scan
201 was suspected of being Fusarochromanone and was tested by the
FUSTOX libirary. The results of the search of scan 201 is reported in
figure 2. Note that among the hits or tentative identifications,
entry number 8 is listed as the best fit which agrees with our own
interpretation of the spectrum. The 1library is searched both forward
(match the spectrum with the library) and reverse search (match the
library with the spectrum). The higher the numbers in the table
marked PUR, MIX and REV ( respectively 602, 833 and 654) the better
the quality of the match. PUR stands for relative purity of the
compound, i.e. very few flagged masses; MIX shows the results of the
comparison of both the forward and reverse library search and REV
shows the results of only the reverse search. A comparison of scan
201 with the library entry is shown in figure 3 ;the spectra are
almost identical indicating an excellent implementation of the search
systen.

Scan #245 of figure 1 was also matched with the library and the
results are presented in figure 4. Once more the 1library correctly
identified the FUSAROCHROMANONE derivative (TDP-2). Note the high
values of PUR, MIX and REV. The comparison of the library spectrum of
TDP-2 with scan 245 is shown in figure S5; 'the spectra are almost
identical. The search routine of the VG USER GENERATED LIBRARY
appears to be excellent for implementation for Fusarium toxin
identitication.

The total ion current chromatogram of the extract from Fusarium
is shown in figure 6. The TDP-1 indicator fragment is m/z+ 218 and
this ion was used to uncover naturally occurring derivatives of
FUSAROCHROMANONE in the culture. At least 8 different derivatives
were found. Of the eignt, we only identified 2; the remainder are new
components.
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RESOLVED ON 10 XETZR CAPILLARY CCLUMM (DB=§).(LOWER 20X): MASS SPECTRUM OF
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PIGURK 2. REPORT OF A LIBRARY SEARCN MADE ON THE VG SYSTEM OF SCAN 201. NO.Z
THAT THE BEST PFIT IS LISTED AS [FUSAROCHROMANONE. THE PURITY IS REPORTED AS
602, RESULTS OF MIXED SEARCH (FORWARD AND REVERSE) IS 833 AND THE REVERSE
SEARCE. (REV) IS §354. THE HIGHER THE VALUEZ OF THESE NUMBERS THEN THE BEITTER
THE CORRELATION OR FIT. MAXINUM VALUZ IS 1000.
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FIGURE 3. COMPARISON OF THZ MASS SPECTRA OF THE SCAN 201 (UPPER BOX) WNITH THE
LIBRARY ENTRY OF FUSAROCHROMANONE. THE SPECTRA ARE ALMOST IDINTICAL INDICA-
TING AN EXCILLENT PIT.
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FIGURE 4. MASS SPECTRAL LIBRARY TEZARCH OF TNE R.X. “PECTRUM OF SCAN #2493
TENTATIVELY SUSPEICTID OF BEING TOP=2 (NONCACITYL DERIVATIVE oOF
FUSAROCHROMANONE) . TDP-2 WAS SELECTZD CORRECTLY AS THE BEST PIT ; THE PURITY,
NIXED SEARCK AND RLVIRSE SEARCHN VALUES WERE NIGH INDICATING A GOOD MATCH.
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PICURE S. COMPARISCN OF THE MASS SPECTRA OF SCAM €143 OF THER CRUDE EXTRACT
AND THE LIBRARY COPY OF THE TOP=1 STANDARD. CASUAL INSPECTION WOULD INDICATE
THAT THE SPICTRA ARE ALMOST IDENTICAL.
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PIGURR 6. THNE TOTAL ION CHROMATOGRAN OF THE CRUDE EXTRACT OF THE FUSARIUM
CULTURE IS JHOWMN IN BOX A. BOX B SKOWS THE TOTAL ION CHROMATOGRAM NF NASS 218 .
WEICH IS THR BASE PEAX OF TOP=1 AND AN EXCILLENT INDICATOR OF THE TDP-1 H
NUCLEUS. THE TRACING IN DOX B INDICATES THAT AT LEAST 7 DIFFERENT DERIVATIVES :
OF FUSAROCHEOMANONE ARR PRESEINT IN THIS NIXTURE. SCANS 188, 201, 302, AND 243

ARE NOST ABUMDANT. SCANS 201 AND 245 ARE TDP~1 AND TDP=-2 RESPRCTIVELY: THE

OTHER CONPONENTS MAVE NOT BEXN IDZNTIFIED. ‘




INTERFERING SUBSTANCE IN HUMAN BLOOD AND ITS ANALYSIS BY THE
DAUGHTER ION MASS SPECTRAL LIBRARY

During the ccurse of analysis of human urine for various
metabolites of T-2 toxin, it came to our attention that a substance
present in control blood was interfering with our analysis of T-2
toxin by Multiple Reaction Monitoring (MRM). The material did not
actually interfere with T-2 because i1t had a different retention tim:
on the capillary column but theoretically it was not supposed to pass
through the magnet. By way of background, in MRM analysis of
T-2(TFA), the magnet is parked on m/z+ 478 and the quadrupole is
scanning for selacted daughter ions ( the quadrupcle is programmed to
detect only the legitimate daughters of the compound in question).
This means that either the daughters are there or they are not; the
quadrupole will not detect alien dauchter fragments. The magnet end
is set on the accurate mase of 478.14506 to insure that it sits
directly on top of the seiected parent ; this dces not mean that
because of accurate mass selection that the instrument is scanning at
high resclution; it is not. Normally we operate at about a resolution
of 1000. One does not expect any appreciable noise to filter through
the system. However, in the analysis of blood, another 478 mass
fragment appeared at a retention time of about 30 seconds past that
of T-2 (figure 7-A). The peak was appreciable and at low
concentrations of T-2, caused the T=-2 peak to look insignificant
because of its normalization to the most abundant peak. We decided
to analyze the interfering peak with the daughter ion library and to
compare it with daughters of T-2-TFA.

The total ion chromatogram of the interfering substance is shown
in figure 7. The peak is shown in scan 134 and its daughter ions are
shown in the lower box. We could not detect any m/z+ 478 fragment in
the daughter ion scan and could not detect any fragments
characteristic of T-2 -TFA daughters. As shown in figure 8, the
DAUGHTER ion mass spectral library did not generate any match for the
interfering blood substance. In contrast, a sample containing T-2
toxin was run in the daughters system and its daughter ion spectrum
was matched with the 1library. As noted in figqure 9, a good fit was
found in the 1library entry and all the daughter ions were found., A
comparison of the library entry with that of the unknown is shown in
figure 10. Note the identical daughter ion spectrum of mass 478 of
the library and the sample. The parameters of the library scan i.e.
values used in directing the search, are shown in figure 1l1. It is
important to adjust the fit threshold (THR) to 100 or 1lower.It is
also helpful to enable the filters to select only those samples that
have the correct daughters.
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Library Search Report of BLOSUBE134 { Lbeary DAUGHTER

€ Library spactra coepa-ed for BEST FIT
6 msatched @ or more of the 16 Largest peaks in the uninoun

Fit Entry Coapound Name

NO FITS FOUND

Fit Eleaents Bpk At pur
100

A TITT & ,

13-AAR-87

Reference

MIX rev

#13s é 5%
MRSS

108 280 363 408 588 F88

FIGURE 8. RESULTS OF A LIBRARY SEARCH OF THE DAUGHTER ION MASS SPEICTRAL
LIARARY OF TRICHOTHECENES. NO FIT OR MATCH WAS FOUND BECAUSE THE DAUCHTERS
OF THE UNXNOWN DID NOT CORRESPOND TV THCSZ OF T-2-TFA. THIS SEARCH SERVES A3
A TEST TO PROVE THAT ALIHOUGH AN UNKOWN MAY HAVE A FRAGHMENT SIMILAR TO
T-3-TFA, IT CAM BE IASILY BI DISCRIMINATED FROM T-2-TFA BY MEAMNE OF

CHARACTIRISTIC FRAGMENT IONS. I

LIB Library Search Report of 47872878 Liberary: BRUIGHTER

Fle Ettrg Coepound Name
1 DRUGHTERS OF 478 OF TFA T-2. 76EQ 7CEV EI TIC 68ia 209

FLL
1
2

6 Library specira compared for BEST FIT
6 matched @ o~ more of tha 16 Largast peaks Ln the uniknoun

13-FAR-67

Referunce
8-23-8

! DAUCHTERS OF 409 OF T2-TFA. 23JUL.'88 7CEQ 78EV EI TICE 0~69-9

Elesants Bpi Mt pur
121 0 388
400 9 12

RIX rev
496 548
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p I T O

B R R R SR

409 500 600

PIGURE 9. RESULTS OF THE LIARARY SEARCH O/ THE DAUGHTER ION MAS3 SPECTRAL
LIBRARY POR T-2-TPA. THE LATTER WAS DETECTED IN A URINE SAMPLE AND ITS
IDENTITY VERIFIED BY MEANS OF THE LIBRARY. NOTR THE HIGH VALUES IN THE NIX
AND REV PARAMETERS WHICH INDICATE A HIGH PERCENTAGE PROBABILITY or

IDENTIFICATION OF THE T-2-TFA.

32

SN R A S R L e R R T E




LIBFITSH1w x1 Bod=76 4,872
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FIGOUXE 10. COMPARISON OF THE DAUGHTER ION LIBRARY SPRCTRUN OF T=2~-%TPA WITH
THI CHKNOWN FOUND 1IN THZ URINE SAMPLE SHCWN IN FIGURE 9. THE CIMMAND "gN®
ACTIVATES THI8 COMPARISON. NOTE THZ IDENTICAL MAR8ES IN EACH. T7THR
INTZNSITILS OF FRAGEMENTS 478, 180 AND 12) VARY BECAUSE OF THE DIFFERENCE IN
CCLLISION EHENGY USED IN EACM DETERMINATION. IT 18 ACCRPTZD THAT COLLISION
ENTRGY WILL VARY AND THUS THE ABUNDANCE OF DAUGHTERS IONS WILL BE AFFZCTED:
HOWEVER, THI3 DOLS NOT APPEAR TO BE SERIOU3 ENOUGH TO IHFLUZNMCT THE LIBRARY
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FIGURE 1l. FPARMMYTERS LUSED IN THE LIBRARY SEARCH ROUTINES WHICH ALLOW
VERSATILITY T'i A CCARCH. AS AN EXAMPLE, THE PARAMETER “RQM® CAN BE ADJUSTID
S0 THAT RTUIRED DAUGHTERS MUST BE PRESENT IN THE SPECTRUM BEFMORE THE SEARCH
ROUTINE WILL CONSIDER A MATCH. IN THIS EXAHPLE, M/Z+ 121, 180, AND 138 WERE
SILECTED .  MASS FILTERS., THE PARAMETER (DF) MUST BE ENABLED (ENABLE
FILToP?) BRLFORE DISCRIMINATION WILL BE ACTIVATED. ACCORDINGLY THE FILTERS
CAN BZ DISAJLED BY TYPING IN *D". THZ FIT THRESHOLD "THR® TIGHTENS THZ
SEARCH PARAMETERS BY CAUSING A GREATIR DEGREEZ OF SELECTIVITY AS ITS VALUE IS
DECRLASED. IN THIS EXIMPLE, A THR VALUE OF S0 WAS SELECTED.
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ANALYSIS OF T-2-TFA USING MULTIPLE REACTION MONITORING

The use of multiple reaction monitoring (MRM) for trace analysis
of T-2 toxin is based on prior experimentation in which appropriate
parent ions are studied and selected for use in the analytical
system. As an example, the daughters of T-2-TFA were determined and
then selected for ultimate sensitivity ir the assay. Thus, as one
examines the full spectrum of T-2-TFA in E.I.(figure 12) it suggests
that certain fragments be studied. The molecular ion (562) is
normally too weak to be seen but after magnification(5X), it |is
readily visible. Fragments such as m/z+461, 478, 401 and 327 appear
significant enough to yield acceptable analytical results. Figure 13
shows the daughter ions of m/z+ 401 and careful inspection indicates
that although the parent ion is appreciable, the daughters are very
weak. In contrast, the daughters of mnm/z2+478 give very intense
fragments and have all the characteristics of a good ion to monitor
i.e. strong daughters in the low mass region and low signal to noise
ratio (figure 14). The fragments of interest are: 478, 180, 138 and
121. These are then used qualitatively and quantitatively in
subsequent tests for the analysis of trace (2ppb) of T-2-TFA in the
bioclogical matrix of blood.

Human blood samples were amended with the edquivalent of 2ppb of
T-2 toxin and extracted and cleaned by our general laboratory
procedure. The  extract contained a biclogical matrix : the
trifluoracetate derivative of T-2 was made in situ and injectec into
the VG GC/MS operating in the MRM mode. The calculated amount
injected into the capillary column was approximately 160 picograms
after accounting for a 20% loss in extraction. Note the excellent
sensitivity and base line when the m/z+ 180 daughter is monitored
(figure 15. The analysis and quantitation of daughters 180, 478, 138
and 121 are shown in figure 16. The multiple reaction monitoring
system of analysis appears to be the best yet developed in our
laboratory for T-2 toxin analysis. The most important determinant in
the analysis is the lack of spurious peaks and electronic noise when
working at this level. Our signal to noise ration at 2 parts per
billion is about 100:1, the best we have ever achieved. We recommend
this method of analysis because of its sensitivity and unequivocal
identification of T-2 toxin.

34




STDS#216 x1 Bod=212 28-MAR-87 19:31+9:85:17
Bpf=8 I=1.2v Hasd TIC=82454329
Tcl)ga' ST?§1T2 JHT2,T240L,7C1,TC3 ,C TFROBBNG/UL. ,20/AR '87
e [
“-
88
70
69
58 .

42 J

. d

7eeQ
Acrd. *

!l....‘anﬁTlsf. RASS

PT=0

5‘60@
5§2

o 159 280 250

FIGURE 12. FULL SCAN MASS SPECTRUM OF T-2 =TFA IN R.I. AT 70 EV AND A SOURCE
TENPERATURE OF 150 C. NOTE THE MOLECULAR ICH (582) WHICE NORMALLY IS NOT
VISIBLE. WE USE A SOURCE TEMPERATURE OF 200 TO ACHIEVE THESE REPRODUCABLE

RESULTS. THE FRAGMENTS OF INTZREST ARE 478, 460, 401 RND 327.
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cPPB312 12-MAR-87 16:57 78ED Aent : Sus: KRN
GR ! RA: 478.1450 B: 478.1458 C: 478.1458 D: 478.1450
Text: SPIKED BLOCD 2PPB T-2 TFR DERV. 478-478.188.138.12!
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FIGURE 15. ANALYSIS OF 2PPB OF T-2 TOXIN (TFA) BY WNULTIPLE

REACTION MONITORING ON A VG 7070 EQ MASS SPECTROMETER. THE
50J OAUGHTER FRAGMENT  SHOWM IS 180 RESULTING FROM THE
FRACMENTATION OF PARENT M/2+478. NOTE THE CLEAM BASE LINE
SHOMING NO INTERFERENCE WITH OTHER DAUGHTER FRAGMENTS. WE
48J ESTIMATE A SIGNAL TO NOISE RATIO OF 100:1 AT.
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FIGURE 14. DAUGNTER ION OF FRAGHENT 478. THE DAUCNTEIR SPECTRUN If RICH IN
INTERSE FRACKEMTS ESPECIALLY 180, 138 AND 121. NE MAVE SELECTED THE PARLNT
4780 AND ITS DAUGNTERS 180, 138 AND 121 FOR MOMRITORING. THEZSE FRACHMENTS GIVE

US RAXINUM SENSITIVITY IN A BLOOD MATRIX (1PPB) AND A VERY LOW JICNAL TO
NOISE RATIO AS WILL 3K SEEN IN SUBSRQUENT YISUNES.
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FICURE 16. ANALYSIS OF 2PPS OF T-2 TPA IM HUMAM BLOOD USING NULTIPLE REACTION
MOMTTCRING. THE PARENT FRAGMENT USED IS 478 AND THE DAUCHTERS NONITORED ARE

418, 180, 138 AND 121.




DAUGHTER IONS OF THE TFA DERIVATIVES OF T-2, HT-2 AND T-2-TETRAOL

Monkey urine samples were received during tha first quarter of
1987 with the inteation of analyzing for T-2 toxin and its
derivatives during various times after dosage of the animals. 1In
order to accomplish this task, it was necessary to first determine
the daughter ions of some of the expected derivatives in order to
analyze by multinle reaction monitoring. This task has been
accomplished for r-2 , HT-2 and T2-tetracl. The daughters are shown
in the following figures.

Figure 17 shows the full mass spectrur of T-2-TFA and the
daughters of the majcr ions. Note that the molecular ion 562 gives
rise to 478, 460 and 461. The daughter 400 is reached by multiple
reactions from 460 and 401. The parent of choice in the MRM analysis
is 478.

Figure 18 shows the full mass spectrum in E.I. of HI-2 toxin
(TFA). The molecular ion 616 fragments to 532 which in turns gives
rise to 180, 138, and 121 as in T-2 except that the origin of these
daughters in T-2 is from 478. The parent ion 532 is the fragment of
choice for MRM analysis.

Figure 19 shows the full mass spectrum of the TFA derivative of
T-2 -tetraol. The molecular ion is seen in E.I. but is not very
intense although if detected it gives rise to very intense dauchters.
Parents 568 and 569 give rise respectively to daughters 454 and 455.
Parent 330 is very intense and gives rise an intense 217 daughter and
is the choice in the analysis of T-2-tetrazol by MRM.
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ANALYSIS OF T-2 TOXIN IN HUMAN BLOOD USING TANDEM MASS SPECTROMETRY
GAS CHROMATOGRAPHY

INTRODUCTION

The utilization of combined gas chromatography tandem mass
spectrometry for <the analysis of T-2 toxin in blood 1is presented
here. The analysis was carried ocut to confirm and quantitate the
presence of T-2 toxin at a low part per billion level (2ppb in 2mL
blcod). The procedure involved spiking fresh whcle blood with the
toxin, extracticn with an organic solvent, derivatization with
trifluorcacetic acid anhydride, and GC/MS/MS analysis. Please
remember that the following work was carried out in a biological
matrix consisting of the equivalent of 2ml of human blood.

AMENDING BLOOD WITH T-2 AND EXTRACTION

Blood samples (2mL) were amended with T-2 (lng/ul) in
methanol. They were centrifuged for 2 minutes at 7000 rpm in 30 mL
tubes with 0.5 mL KH2PO4 and 10 mL of toluene:acetonitrile (95:5
v:v). The organic layer was pipetted intoc a round bottom flask and
avaporated on a rotary evaporator. Sampler were transferred to
half dram vials with methanol and evapcrated under nitrocgen with
gentle heat.

DERIVATIZATION

The dried down samples wers derivatized with trifluorcacetic
acid anhydride (100 ulL) and heated to 60 degrees C. for 20 minutes.
After which the excess reagent was evaporated under nitrogen.
Samples were brought up in 20 uL of toluene for injection. 1 ul
was taken for injection.

GC CONDITIONS

Samples were injected onto a 10 meter fused silica capillary
column via a Hewlett Packard on column injection device. The
injection device is shown in figqure 1. The oven temperature was
programmed from 80 to 300 at 30 deg. per second. T=-2 eluted at
6.28 minutes into the run. The helium gas flow was set to 10 psi.

In additior to the on column injection technique a 2 ppb
blood sample was prepared for splitless i- dtection. The technique
afforded overall better resolution and .arrowly defined peaks.
Signal to noise ratios for 2ppb samples . wre better than 14 to 1.
This method proved superior to the present on column technique.
Injecton was done on a 10 meter capillary column. Column purge was
activated at 0.6 minutes after injection.

SOURCE CONDITIONS
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A standard VG 7070 EI/CI source was used in the analysis.
The instrunent was operated at 6kV, 70 electron volts. Source
temper=>ture was set at 100 degrees. Resolution vas set to 2000.

MS/MS TUNING

The instrument was tuned for MS/MS analysis with
pertluorotributyl amine. Intermediate and quad lens sattings were
set to allow maximum ¢transmission of parent ion 614. The
quadrupole mass analyzer was calibrated with the VG software LOW
MASS (LM) and HIGH MASS (HM) ion commands. The high resoclut
portion of the mass spectrometer was tuned with perfluorokerosene
using the CAL programs.

COLLISION ACTIVATED DECOMPOSITION (CAD) set-up:

Argon was used as the collision gas and the chamber wzs
pressurized tc¢ 1 X 10 -6 torr. Collision energy was set at 15
volts.

FA3 AND MULTIPLIER SE :

The gain was set on FA3 unit to 2 X 10-7. Response time was
set to 0.01 and multiplier set to 2.10.

MULTIFLE REACTION MONITORING PROGRAM (MRM):

Selected Ion Recording (SIR) was called up and MRM was set up
to monitor the decomposition products (daughters)of ion 478 from
T-2 TFA, to 180, 138 and 121 as seen in the figures. The exact
mass 478.145 was used to zet the parent ion correctly. When
running the program we found it better to set the magnet manually
by positimning it over the perent ion rather than letting the data
system do this. To do this one must allow the data gystem to have
control over quad scanning only. The 7070EQ is equipped with knobs
on the scan control unit to select this type of scanning procedure.
The parameter sattings are outlined in figure «.

RESULTS:

The electron impact mass spectrum is shown in figure 2. Please
note that the molecular ion (M+=562) is visible in the spectrum.
This was accomplished by lowering the source temperature to 100
degrees C. This 1is not the normal procedure in EI as the normal
operating temperature is 200 C. Our source heater was not operative
in this situation and this allcwed us to reach the lover
temperature setting. We are not recommending this <temperature
setting. A typical ON-COLUMN injection resolution is found in
figure 5. Tha ions monitored were 180, 138 and 121 and their ratios
as daughters are shown. The ratios were satisfactory howaver the
resolution of the components of the standard did not meet out
criteria of acceptability. The peak sensitivity and peak width was
not acceptable. Figure 5 shows resolution of 7-2 TFA as the pure




standard whereas figure 6 shows T-2-TFA in a biological matrix.

The parent 1ion 478 gave distinct and intense daughter icns
that (figure 3) allowed elimination of other components from the
background except for one present in human blood and having the
exact mass (478) as T-2-TFA toxin. This metabolite (figures 7and 8)
found in these blood samples did not interfere with the analysis of
T-2 because it resolved 1itself nearly one minute from T-2. In
addition, the ion ratios for the interference did not fit the T-2
toxin and therefore would not be confused witk T-2(figure 7).
However, it is mystericus that this fragment should pass through
the magnet as the resolving power was set tc three decimal places.
The major problem in the analysis of 1 or 2 ppb quantities at this
time is quantification and reproducilibity. One part per billicn
is detectable based on the 2 part per billion spiked saxple which
had a 20 to 1 signal to noise ratio!figure 8). The ratio variance
for samples and standard injections was only 10%. This means that
the ratio of ions can be used to confirm and quantitate the toxin.
With such a small sample size (2 gram blcod) and low amounts
injected (400 picograms) reproducibility suffered much. Problems
may be due as wall to sample injection (use of the syringe as wvell
since the matnix was rather viscous. An internal deuterated
standard or homolocg would be necessary for quantifying these
amounts of toxin.

On column chromatography had some benefits and draw backs in
the analysis. It allowed for overall greatest sample through put
into the mass spectrometer but peak broadening, column coating
degradation, and increased tailing may severely 1limit its
performance on particularly dirty samples. The SPLITLESS method of
sample introduction (figures 8 through 12) gave oxcellent
chromatography for analysis in this low concentration region.
Interpretation of data: fThe data appeared to be as easy to
interpret as that of normal selected ion analysis. The ratio
consistency as mentioned above was quite satisfactory. The purpose
in using this method of analysis (MRM) was to demonstrate the lack
of interferences and sample limits of detection. Base lines such
as those shown in these analyses are cuite uncommon for mixed
matrix analyses.) We were quite pleased to eliminate other chemical
noise from the ase line. This procedure should also be compared
to other suc.. procedures as selected ion recording.

The spl tless method of injection is demonstrated in figure 9
which shows the resolution of 2ppb of T-2-TFA in a biological
matrix of the equivalent of 2ml of blood. The daughter monitcred
was m/z+ 180 which showed a minimum of noise (S/N = 17:1) . The
daughters 138 and 121 are shown in figures 10 and 12 respectively.
Their signal to nois® ratios (12:1 and 14:1 ) are acceptable but
inferior to that of 180. Our recommendation is that all three
daughters be monitorea for the purposes of calculating ratios but
that 180 be used for quantitation.

Figure 2 shows the resoclution of T-2~TFA in MRM using the
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splitless method of injection. Injection of one namogram under
ideal conditions shows excellent resolution and peak width superior
to that found in the On-Colum injection shown in figure 5.

We conclude from these studies that the SPLITLESS method of
sample introduction into the GC/MS is the method of choice. It
gives superior resolution when compared to ON-COLUMN injecticn.
Mass fragment 478 should be used as the parent ion for analysis and
the daughter 180 gives the best gquantitative results. Fragment 478
was chosen after careful strudy of the daughters of 460, 461, 401
and 418. All of the above was done in the electron impact mcde of
analysis. The latter is traditionally less sensitive than positive
chemical ionization (PCI) in methane which is our next effort in
this study. We expect to increase our sensitivity by a factor of
ten due to the large fragment ions encountered in PCI.
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FIGURE 1. On=Column injection device used in the injecticn of the
T-2 anmended blood rmatrix through the Hewlett Packard gas
chromatograph. This device consiats of a 0.33 mm I.D. pracolumn
(about 135 cm in length) coupled to 0.25 xm I.D. 10 metar DB-5
analytical column. This method allows direct injection with a regular
matal injection syringe rather than a flexible on-column injection
syringe. The device is patterned on that of Hartman et al. of Rutgers
University who has daveloped the procedure followed.
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STARSE x| Bod=22  10-FEB-67 15:30+9:67:12 7¢EQ Ele
=9  I=42%v He@  TIC=22305000 fent : Sys:PARENT

o :T-2 TFR ON-COLUTN PT=8 Cal:ACCUL
27 m 1.0 ;

] 2816999
)

FIGURE 2. Hass spectrum of T-2-TFA toxin (electron impact at T0aV)as
run Lin the VG 7070 EQ sectoring mass spscironetar. Note the prasancs

-
of the molecular ion (m/t $61) which is normally adssnt from an EI
spsctrun, This was accomplished by lovaring the sourcs texparature to
mJ 100 degrees. This taupsraturs is ususlly digficult or impcesidbls to
obtain becsuse of the presencs of the scurce heater which saintaine a

temparaturs in excass of 100 C. In this sxampile, our sourcs hsatss

59 vas inactive dus tc breakags.

38d /3f

PIGURE 3. Daughters ions obtained from fragmentaticn of i

cn 478 ¢
:M TTA derivative of T-2 toxin. Ions 180, 1338 ard 121 vers cho:::
0F subssquent MAN analysis. The fragment 478 was found to be
superior ( gave less background noise) to that of 401 in muitiple
reagction monitoring as determinsd in pravicus analyesss.
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s SYSTEX:FRA Parameters for Selective [on Recoraing (C# 1 MRA] CSector) T

0AT Data filename C:TESTB| IAY Maximum volts 6623
REF Reference filenase PFK{ IMR Maximum mass at AV 22%8
. INS  Instrusent 1:70£8 | GTM Time ©:06:00 @:20:00 Mode EI+B Gas
ACN Custozer account CHN MCasw SCas) OCms) MCamy) SCms) DCas)
ACY ARccelerating volts 6608| 478 180 108 18
RES Instrument resolution 108@| 478 138 108 10
S® #Saaples 1| 478 121 leg 1@
INJ #Injections |
GRP tGroups 1
S #Calibration scans ()
CST Cal, scan tise (s) 5
CTL Cal. tolerance (ppa) BB | IR, i e R hecivatives | The  exact
CE&X Cal. exaswnation Y| e e o earad rere 180 138, and 1310 PA
PEX Peak exaaination Y
LRS Lock span (peak widths) 2.8
LST Lock step (peak widths) 0.82
FLO Fast Lock on N
TXT Sasple$ 1: 580 PICO T-2 TFA DEV. MRA ON-COLUMN
'H=hardcopy RETURN=next ESC=prev CTRL/A=abort
I6=00 'O=quit 'C=create 'Dfl=delete '0=overwrite 'Z=zero <aroup,sample>

ESTB 11-FE8-87 21:40 7¢tQ Renk : Sus:FkA
R1 A: 478.1458 B: 478.1430 C: 478,145
ext: T-2 TFR KRR ON-COLUMN

lm R 1, 1’ 1 ﬂ F'3 177.54 1-m
: )

© A= 21574 .68

z 215.7 79

A= 389.59 1,80

= 46.42
tm:m_
3:08 4:00 5:00 6:00 7:00

PIGURE 3. Ratlos and retention tims of T-2 TIA pure satandavd.
Retention tina ¢,28 minutes, Ions 121/1800 0.46, lons 1306/180 0.33
taken from parent 1on 470 qoing to lonms 121, 117, and 180. Oncolumn
tnjsation, 10 mater 0.13 caplilary column. CC oven temperature
proqram €0/3)00 at )0 deq. per sed.
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TESTB 12-fEB8-87 89:13 70tU Hent SUS F FIRM e
R1 A: 478.1458 B: 478.1450 C: 478.145 :
Text 7-2 SPIKED BLOOD 2N/G 26 EQUIVALENT TFA DERV. IN 20UL
REPRESENTS 208 PICOGRAR INJECTION
e_nt, 1,1 A= 208.66 1.89
37

3 ION {21 FROM 478
56 4

o]
19,81, 1,1 ) Q8= eés.ga ' o 1.8
‘ ION 133 FROM 478 48

Y g

1.%

A= 383,
83.16 &

ION 180 FROM 478

3:00 4:00 5:09 6:60 7:09 8:00 9:00

FICURE 6. Multiple reaction monitoring (MRM) of a 2ml blood sam

ple
assnded with 1ppb of T-2 toxin. The sample vas introduced into the
CC/NS via ON-COLUMN IMJECTION. This method of injection will be
contrastad vith spiitless injection in a later ssection.

8 .
1008t 1, 1, !
5 4

T-2 TOXIN

COMPONENT HAVING SIRILAR DAUGHTERS.

2]
10. PRI W"”w”Vwar_

Y v v v Y \ v
300 40 500 500 700 888 90
FICIAR 7. Coaponent found in donor plood having similar properties to
that of T-1 toxin axOepTt That its retention time le differenc(Rt=s. 13
tor T-2 ve '.) for the unknown), The daughters of the unknowvn have
Al{Carent ratlos from thae of T=-2 {T=1= 121/100=0.48 and
L18/7100=0.3311 raclos of unknowrr= 111/180=1,)4 and 118/180=0,74). The
SARAOWN coepanent Nhas a elgnificene m/ted78 atlmilar to T-21-TYA ac
*hat whan the sagnat fe purxed on 474, hoth the T-1 and the unknown
cnepenent &re paased through,
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oPPETE3 17-FEB-67 17:45 20EQ Aent ¢ Sus* IR
GR1 A: 478.1450 B: 478.1450 C: 478.1458 0: 4/5.1459
Tet: SA 14.2/1

1008C 1, 1, 1
%]  BLOOD SPIKED WITH T-2 TOXIN TFR DERV.

) |
2. OTHER BLOOD UNKHOWN >>>%

68
58
40
3.
28
18

Bk i
v \ Y Y . v v ™ g

4:3 5:08 538 6:0 63 7200 730 8:00 8:30

PICURE 8. Resolution and quuntitation (2ppd 4in hloocd nuu) ot T-2

TYA toxin by MRK using the SPLITIESS mathod of P intr ion.

Note the 10 second peak vwidth at the base which 1is a great

improvesent over the ON-COLUMN injecticn. The unknowm sastadolits in

the biood sasple csh be sean at Rt 8.3 its resolution has also been
inrransesd. Cosvare with resclution as showm ia tigures ¢ andt 7.

T-2 TOXIN >>>>

oPPBT23 17-FEB-37 17:45 78 flent : Sus:PRA
GR1 R: 478.1450 3: 478.1458 C: 478.1450 D: 478.1458
Tet: SA 14.2/1

s A= 16.98
99.
80
70
50
40
478 > 189 T-2 TOXIN SPIKED AT 2PPB
3. SN =17:1
84 FICURE 9. Resolution and qu-nunuon of 2ppb T-2 toxin by MRM using
::;u::zrﬁ: [ Y214 l.lol its eignal Lmr:\:::m:.n:h:.u:::::r”:gn
10- Fraguent 100 appears to be the moAt sensitive for sonitoring T-2-TFA.
¢

5:0 5:30 6:08 6:39 7:00 7:39
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PPET3  17-FEB-67 17:45 7860 Aent : Sus: KR
GR1 R: 478,1450 B: 478.1450 C: 478.1458 D: 478.1458
Todt: SA 14.2/1

. A= 1195 1.0
%]
6.
n. = 9.91
60.

5.
@ 478 > 121 T-2 TOXIN SPIKED AT 2PPS
. A = 12:1

a.l PIGURE 10. Reselution snd quantitation of Ipph T-1 TOXLIR by WRN uelng
the SPLITLESS nmethod of compenent intreduction.The daughter 1ion
10.] sonitorsd ves B/g+ 171! its signal to noise ration vas 12:1.

) .
5:00 5:39 6:09 6:30 7:00 7:38
PPET23  1)FEB-E7 17:45 7060 Aok Sus: A
R1 A 478.1458 B: 478.1459 C: 478.1450 D: 478.1458
Tod: SA 14.2/1
1,00
s 10.8 =X
9.
88
n-
68
5.
4.
3. 478 > 138 T-2 TOXIN SPIKED AT 2PP8
28 SN 14/1
PICURE 11. Reselution and quantitation of T-2 toxin by XRW ueing the
19, SPLITLIE nached of ‘comenens incromugtien. The | deueater ion
0

5:00 5:39 6:00 6:30 7:00 7:39
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TESTB 17-FEB-87 15:26 @ Sys: RN

flonk:
GR1 R: 478.1458 B: 478,1450 C: 478.1450 D: 478.1458
Tod: T-2 TFR DERV. FRR EXP 478-189.138.121 INGAL

le0dA 1, 1, !
€.
0a.
Al
60.
5.

4@ H
m °a .02 A ada ' g lALAA

9.
TIGURE 12. Standare .
10- the anaiytical ”,,.a (lng/ul), splitlises injection using IO as

300 3:3 4:00 4:3@ 500 538 6:00 6:3 709 70
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TOXICITY AND TOXINS PRODUCED BY ISOLATES OF FUSARIUM
SPECIES OBTAIN.D FROM NORWAY AND NEW ZEALAND

Table 1 shows the complete record of the toxicity of the
isolates of Fusarium obtained from Norway in 1984. The
collections were made frunm the Arctic as well as the central and
southern regions of that country. The species most prevalent
were Fusarium acuminatum, F. avenaceun, F. oxysporum and
F.sambucinum. From these groups, F. oxysporum and F.
sambucinum emerged as the most toxic although toxicity was also
found among fewer isolates of F.acuminatum and F.avenaceun.

All of the toxic isolates shown in table 1 vere saved and
examined for the kinds and quantities of known toxins they
produce in order to account for the toxic lesions. The toxins
that were analyzed for are: trichothecenes; HM-g, a cytotoxic
unknown Fusarium metabolite presently being characterized in our
laboratory: moniliformin; Fusarin-C; and H=-1 the toxic
hemorrhagic agent presently being characterized in our
laboratory.

Table 2 shows the various known toxins produced by the
various isolates of Fusarium in an effort to account for their
toxicity. Within the F. acuminatum group, the predceminant
toxins found were HM-8 and moniliformin. F. avenaceum produced
HM-8, moniliformin and infrequently Fusarin-C; only one isolate
produced the hemorrhagic agent know as H=l. Although a
congiderable portion of the isolates of F. oxysporunm yielded
HM-8 and moniliformin, the majority of the toxicity could be
accounted for by H-1. It is curious to note that nonae of the
isolates that produced H-1 produced HM-8 as well and vice versza.
within the taxonomic group known as F. sambucinum, <the largest
percentage produced H-1l. Only one isclate produced HM-8 and H~l
together.

Table 3 shows a compilation of the various toxins that were
found in the toxic groups of Fusarium. In these analysas, TDP-1l
(fusarochromanone) was also looked for. TDP~1 is the Fusarium
metabolite that causes bone disorders. None of the isoclates
investigated produced TDP-1 whereas the majority of the F.
sambucinum isolates produced H=-1. The F. oxysporum group
competed well with F. sambucinum for the production cf H-1;
however, the members of this group alsc produced moniliformin but
not simultaneously with H=-1. The significance of this
observation is not apparent at present. The production of
moniliformin was well represented among F. acuminatum and F.
avenaceun.

An effort war made to determine whether the H-1 producing
isolates could be found in regions outside of Norway. A
collection was made in Tara Hills, a mountiinous region in the
South Island of New Zealand. Six isolates , all of them belonging
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to the Fusarium sambucinum group, produced this toxin (Table 4).
The Tara Hills are characterized as high grassy hills some of
which receive a lot of shade; the climate is cold in the winter.
The sheep grazing in this area become unthrifty and often called
"poor doers® and this was particularly associated with the shady
region of the Tara Hills complex. It is possible that Fusarium
colonizing the grass may influence the health ot these animals by
the production of toxins such as H-1.

The isolates examined in Tahle 4 vere salected bscause of
their toxicity to rats, our bicassay test animal. Toxicity was
accounted for by those isolatez (6) that produced H-1, four
isolates that produced moniliformin, and the six isolates that
produced fusarenone-x. The toxins found ranged from
deoxynivalenol to 3~-acatyldeoxynivalenol, HM-8,
zearalenone,moniliformin and H-l. Isolate 6F4 is being studied to
identify the toxic component accounting for death in the test
animals. This isolate produced DON, 3-acetyl-DON and zearalenone;
these do not account for the toxicity.
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